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A B S T R A C T   
Purpose: To compare the accuracy of polyvinylsiloxane (PVS) impressions and intraoral scans when a healing 
abutment-scanpeg system (HASP) or a conventional scanbody (CSB) was used on a single implant. 
Materials and methods: A maxillary model with an implant (4.0 × 11 mm) (Neoss) and a CSB or an HASP (Neoss) 
was scanned by using a laboratory scanner (Ceramill Map 600; Amann Girrbach) (reference scans) and an 
intraoral scanner (Trios 3) (n = 10). PVS open-tray impressions were also made and stone casts of the model with 
a CSB were digitized with the laboratory scanner. Intraoral scanner and cast scans were superimposed to their 
reference scans. On superimposed scans, points were selected on HASP and CSB to calculate distance deviations 
(at points 1–4) and angular deviations (at points 5 and 6 on CSB and PVS, and 5–8 on HASP) between scans 
(trueness), and their variation (precision). The deviation data was analyzed with ANOVA and pairwise com-
parisons (trueness) with Tukey’s adjustment, and F-tests (precision). 
Results: At point 1, PVS had lower trueness than CSB (difference in means (DIMs) = 0.184 mm, p = 0.006) and 
HASP (DIMs = 0.122 mm, p = 0.042). At point 3, CSB had higher trueness than HASP (DIMs = 0.134 mm, p =
0.001). Angular deviations with PVS were higher than with CSB (DIMs = 0.6◦, p = 0.013) and HASP (DIMs =
0.7◦, p = 0.005). CSB had higher precision than PVS (p < 0.05). HASP had higher precision than PVS for distance 
(Point 1)(p < 0.001) and angular deviations (p < 0.05). Deviation differences within the HASP parts were not 
significant. 
Conclusion: The accuracy of intraoral scans and PVS impressions of an implant was similar. 
Clinical relevance: The combined healing abutment-scanpeg system and the conventional scanbody can be rec-
ommended for scans of anterior single implants with the intraoral scanner used.   
1. Introduction 
Since the early days of implant dentistry, conventional impressions 
with elastomeric materials, commonly polyvinylsiloxane (PVS), have 
been the standard of care to transfer the implant’s intraoral position to 
the master cast [1–3]. The use of CAD-CAM technology to fabricate 
implant-supported crowns has become popular in the last decade and 
the workflow can be either direct or indirect depending on whether an 
intraoral scanner (IOS) and an intraoral scan body (ISB) or a laboratory 
scanner and a laboratory scan body (LSB) are used [4]. The CAD-CAM 
workflow is not error-free [5,6], and the scan accuracy is crucial to 
start the workflow with minimum errors. Accuracy is determined by 
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trueness and precision (ISO-5725). Trueness describes how far the 
measurement deviates from the actual dimensions of the measured ob-
ject. Precision describes how close repeated measurements are to each 
other [7]. Several factors influence the precision of an IOS, which can be 
subdivided into operator-related factors (e.g. the level of experience) 
[8], patient-related factors (e.g. distance between implants) [9], the 
environment (e.g. light conditions) [10], and the software- (e.g. soft-
ware version [11] and hardware-related factors (e.g. type of intraoral 
scanner) [12]. Furthermore, recent studies have demonstrated statisti-
cally significant manufacturing tolerances with ISBs, which may have a 
major effect on the precision of intraoral scanning [13,14]. Commer-
cially available ISBs have variety of shapes, sizes, surfaces, and con-
nections [4]. While digital implant scanning has been well documented 
in the literature [9,15–19], studies are scarce on the effects of ISBs on the 
scan accuracy [16,19–23]. 
Coded healing abutments are a type of ISB and were first introduced 
to be used with conventional impressions [23,24]. Because the healing 
abutment also serves as an impression post/scanbody, it enables the 
reduction of the number of appointments and the times the healing 
abutment needs to be removed [21], which minimizes the irritation of 
peri-implant soft tissues [25]. The use of coded healing abutments with 
IOSs can be advantageous as the impression to fabrication workflow can 
become completely digital [20]. A common drawback for the use of 
coded healing abutments and current scan bodies is the fact that they 
commonly have a conical or cylindrical shape, which does not reflect the 
shape of a natural tooth [4]. Accordingly, an interim implant-supported 
restoration or a custom healing abutment is needed to form an optimal 
emergence profile, particularly in the anterior region or with wide span 
edentulous sites to be restored with single implants [26]. A recently 
introduced healing abutment-scanpeg system enables the scans of im-
plants, shapes the soft tissues for an optimal emergence profile, and the 
healing abutment can be kept on the implant throughout healing and the 
crown fabrication process [20]. Therefore, this system not only enables 
digitization of the implant position, but also minimizes soft tissue 
trauma and expedites the prosthetic workflow [20]. Currently, there is 
no published studies on the accuracy of the healing abutment-scanpeg 
system and clinicians would benefit from a study investigating its 
accuracy. 
The aim of the present study was to investigate the scan accuracy 
(trueness and precision) of a healing abutment-scanpeg system 
comparing with that of a conventional scanbody, and PVS impressions 
when used on an anterior implant. The scan accuracies of the healing 
abutment and the scanpeg, and when combined were also aimed to be 
investigated. The first null hypothesis was that the scan accuracy of the 
healing abutment-scanpeg system would not be different than the ac-
curacy of a conventional scanbody or conventional PVS impressions. 
The second null hypothesis was that the scan trueness of the healing 
abutment and the scanpeg, and when they were combined would not be 
different. 
2. Materials and methods 
2.1. Data acquisition 
An additively manufactured (Form 2; Formlabs Inc, Somerville, MA, 
USA) maxillary resin model with an implant (4.0 × 11 mm) (Proactive 
Straight Implant; Neoss, Woodland Hills, CA, USA) at maxillary left 
central incisor was used. A conventional intraoral scanbody (CSB) 
(Neoss, Woodland Hills, CA, USA) was tightened on the implant by using 
a digital torque meter to 10 Ncm (Fig. 1A). The model was scanned by 
using a laboratory scanner (Ceramill Map 600; Amann Girrbach AG, 
Koblach, Austria)(CSB reference) to obtain a reference scan. An operator 
who has experience in digital scanning (at least 10 pilot scans and 2-year 
experience with scanning) scanned the model with the intraoral scanner 
(Trios 3; 3Shape, Copenhagen, Denmark) including all teeth and the 
scanbody (n = 10). Then, the scanbody was removed and a healing 
abutment-scanpeg system (HASP) was placed (Fig. 1B) tightening the 
healing abutment to 10 Ncm and securing the scanpeg on the healing 
abutment which has a friction fit mechanism with a key way (Fig. 2). 
The model was again scanned with the same laboratory scanner (HASP 
reference) and then by using the same intraoral scanner by the same 
operator (n = 10). After the HASP was removed, a conventional open- 
tray impression post was placed on the implant and tightened to 10 
Ncm. Polyvnylsiloxane impressions (Panasil; Kettenbach GmbH & Co. 
KG, Eschenburg, Germany) were made by using light and heavy-body 
consistency and open-tray technique (n = 10). Then, the analogs were 
tightened to impression posts and the impressions were poured in Type 
IV dental stone (Silky-Rock, Whipmix Corp.). Then, the CSB scanbodies 
were tightened on the analogs (10 Ncm) and each cast with CSB was 
scanned by using the same laboratory scanner to record the positions of 
the analogs in casts (Fig. 1C). Then, the CSB scan and the PVS impression 
Fig. 1. A–C Study Models: Study models with (A) the conventional scanbody (CSB), (B) the healing abutment-scanpeg system (HASP), (C) and the stone cast with 
the CSB in the left central incisor position. 
Fig. 2. Applied scanbodies: Individual parts of the healing abutment-scanpeg 
system (HASP; left) and the conventional scanbody (CSB; right). 
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scans were superimposed with the CSB reference scan and the HASP 
scans were superimposed with the HASP reference scan. All intraoral 
scans were done by using the same scan path, which was recommended 
by the manufacturer of the scanner; the scans started on the occlusal of 
left second molars, continued on occlusals/incisals of remaining teeth 
followed by their linguals and buccals. The scan files were converted to 
standard tessellation language (STL) format. 
2.2. Evaluation of accuracy 
The intraoral scanner scans were exported to a 3-dimensional 
metrology software (GOM GmbH; Braunschweig, Germany–version 
2018 Hotfix 7, Rev. 120738, Build 2019-08-23) for superimpositions 
with the reference scans. On the reference scan of each group analyzed, 
two planes (buccopalatal (x plane) and mesio-distal (y plane)) were 
created crossing the center of the scanbody (Fig. 3). On x plane, four 
points were selected at different locations of the scanbody (1 - implant- 
abutment-connection, 2- most buccal-coronal, 3 - middle point on 
buccal coronal slope, 4 - most palatal coronal point) to measure distance 
deviations. On mesiodistal plane (y plane): point 5 was at the implant- 
abutment connection and point 6 was at the most mesial coronal point 
angle, which would be used only for angular deviations (Fig. 4). Because 
the HASP design was different than that of CSB and PVS groups, cor-
responding similar points were selected on HASP and additional points 
were selected for angular deviation calculations within HASP parts: on x 
plane: 1 - implant-abutment-connection, 2 - most buccal-coronal, 3 – 
middle point on buccal coronal slope, 4 – most palatal point on top of 
scanpeg, 5 - healing abutment-scanpeg connection; and on y plane: 6 – 
implant-abutment connection, 7 – healing abutment-scanpeg connec-
tion and 8 - most distal coronal point (Fig. 5). 
The scanned models were initially aligned by using software’s pre-
alignment feature. Then, all teeth except for the scanbody site were 
selected for further alignment by using the “local best-fit” tool. The 
coordinates for the predefined points on the CSB/ HASP were then 
added and program’s algorithm generated the deviations between the 
specified points on the reference and the tests scans in respective planes. 
By using the coordinates, it was ensured that same points were always 
selected on scanbodies for subsequent comparisons. 
For PVS and CSB angular deviations, points 1 and 2 were used to 
draw a line on buccopalatal plane and points 5 and 6 were used for a line 
on mesiodistal plane (Fig. 4). Then, the angles between the lines on the 
reference and the test scan models were calculated. 
Angular deviations for HASP were analyzed between the lines drawn 
from point 1 to point 2 on buccopalatal plane, and a line was drawn 
between point 6 at implant-abutment connection and point 8 on 
mesiodistal plane (Fig. 5). 
To compare the angular deviations within the HASP parts, additional 
lines were drawn between the healing abutment and the scanpeg. For 
buccopalatal angle of only the healing abutment (BPHA), points 1 and 5 
were used to draw a line and for buccopalatal angle of only the scanpeg 
(BPSP), points 2 and 5 were used. For the mesiodistal angle of only the 
healing abutment (MDHA), points 6 and 7, and for the mesiodistal angle 
of only the scanpeg (MDSP), points 7 and 8 were used to draw the lines 
(Fig. 5). 
For the evaluation of trueness, distance- and angular deviations be-
tween the corresponding points and lines in test and reference datasets 
were calculated. For the evaluation of precision, the variance of de-
viations of each point and angle within each test group was calculated. 
2.3. Statistical analysis 
The data generated (3D distance deviation at all points and bucco-
palatal and mesiodistal angles) were tabulated (Excel, Microsoft Corp.) 
for statistical analysis. Corresponding points in PVS and CSB (1–4) and 
HASP (1, 3, 4, 6) were compared for distance deviations. To compare the 
deviations amongst three groups, ANOVA was used to find overall dif-
ferences between the groups and the pairwise comparison was made 
with Tukey’s adjustment. Similar analyses were performed in the com-
parison of angles in the HASP group. For precision analysis, the F-test 
was used to compare the variance of deviation in two groups and the 
ratio of variance, and Bonferroni-corrected p-values were reported 
(alpha = .05). 
3. Results 
Significant differences in distance deviations were found amongst 
groups at point 1 (p = 0.008) and 3 (p = 0.002). At point 1, PVS had 
more deviations than CSB (estimated difference in means: 0.184 mm; p 
= 0.006) and HASP (estimated difference in means: 0.122 mm; p =
0.042), and deviations calculated with CSB and HASP were not signifi-
cantly different (estimated difference in means: 0.062 mm; p = 0.262). 
At point 3, CSB had lower deviations compared with HASP (estimated 
difference in means: 0.134 mm; p = 0.001). No further significant dif-
ferences in distance deviations amongst the groups were found at point 
3, 2, and 4. An overview of distance deviations for all evaluated points in 
all groups are displayed in Fig. 6. 
For angular deviations, significant difference amongst groups was 
only seen in mesiodistal direction (p = 0.002). Deviations with PVS were 
higher than the deviations with CSB (estimated difference in means: 
0.64◦; p = 0.013) and HASP (estimated difference in means: 0.73◦; p =
0.005), and deviations with CSB and HASP were not significantly 
different (Fig. 7). When the angular deviations within the parts of HASP 
were considered, no significant differences were found for buccopalatal 
(p = 0.311) and mesiodistal deviations (p = 0.527) (Fig. 8). Table 1 
summarizes the distance and angular deviations in each group. 
The CSB had higher precision than PVS at all points and angles (p <
0.05). HASP had higher precision than PVS at point 1 (p < 0.001) and for 
both angular deviations (p < 0.05). HASP and CSB did not have 
Fig. 3. A and B Definition of planes: Mesiodistal (y plane) and buccopalatal (x-plane) planes for the models with (A) the conventional scanbody (CSB), (B) and the 
healing abutment-scanpeg system (HASP). 
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significantly different precision at any points or angles. 
4. Discussion 
The trueness and precision of CSB and HASP were different than 
those of PVS, and accordingly the first null hypothesis was rejected. The 
second null hypothesis was accepted as the trueness of scans of the 
healing abutment and the scanpeg was not different. 
The accuracy (trueness and precision) of CSB and HASP in terms of 
distance and angular deviations was higher than the accuracy of PVS at 
some selected points and angles. The fact that PVS was associated with 
more errors may be considered expectable as it involves more steps and 
materials; each step and material have their own limitations and errors 
associated with them. Previous studies have shown that scans of single 
implants with intraoral scanners are at least as accurate as indirect 
digitization by using conventional impressions and subsequent scanning 
of the stone cast [27]. However, it was also shown that the scanbody 
type may have an influence on the accuracy of intraoral scans [4]. CSB 
Fig. 4. A and B Points and angles on the conventional scanbody (CSB): Overview of selected points and angles in (A) the buccopalatal, (B) and mesiodis-
tal planes. 
Fig. 5. A and B Points and angles on the healing abutment-scanpeg system (HASP): Overview of selected points and angles in (A) the buccopalatal, (B) and 
mesiodistal planes. 
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and HASP performed similarly at all points and angles, except for point 
3, where CSB had favorable trueness compared with HASP. Neverthe-
less, it may be interpreted that CSB and HASP had similar scan accuracy. 
All groups had mean distance deviations less than 80 microns almost 
at all selected points. Previous studies on digital and conventional single 
implant impressions demonstrated similar deviations [28]. PVS had 
mean distance deviations close to 200 microns at only point 1. The 
reason for high deviations and low precision may be due to the fact that 
point 1 is at the gingival level and the laboratory scanner might have had 
difficulty capturing point 1. Although laboratory scanner technologies 
have significantly improved in recent years, their scan mechanism may 
lead to acquisition problems [29]. A laboratory scanner automatically 
moves the object to be scanned into different positions to achieve the 
best possible illumination for optimal acquisition of all areas [30]. 
Targeted acquisition of specific sites, as can be done with an intraoral 
scanner, is only possible with certain laboratory scanners [31]. The 
restricted mobility of the object plate can prevent optimal capturing of 
sites, which are difficult for the light to reach. Therefore, higher de-
viations seen with the PVS group at Point 1 may be due to its location on 
the cast and possible difficulty the laboratory scanner had to capture this 
point [32]. For the test groups intraoral scanner captured the images 
(HASP and CSB), deviations were small at Point 1. Considering the 
distance and angular deviations in the present study and comparing 
them with those in previous studies, it can be interpreted that intraoral 
scans with CSB and HASP are suitable to fabricate implant crowns with 
adequate fit [12]. The application of a completely digital workflow to 
fabricate a monolithic implant crown is possible [33]. With the advents 
in ceramic technologies, the optical properties of monolithic crowns 
currently enable their use also in the anterior region [34,35]. A sys-
tematic review with meta-analysis has reported that patients generally 
Fig. 6. Distance deviations: Distance deviations at points 1-4 (buccopalatal plane) in the healing abutment-scanpeg system (HASP), the polyvinylsiloxane 
impression (PVS), and the conventional scanbody (CSB) group. 
Fig. 7. Angular deviations: Angular deviations in buccopalatal and mesiodistal plane for the healing abutment-scanpeg system (HASP), the polyvinylsiloxane 
impression (PVS), and the conventional (CSB) group. 
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perceive the esthetic outcome of implant crowns as “very good” 
regardless of the crown materials used [36]. Nevertheless, definitive 
crowns were not fabricated in the present study and only the scans were 
compared. The accuracy of definitive crowns fabricated by using 
intraoral scans and conventional impressions should be investigated to 
completely understand the effect of deviations in scans/impressions on 
the positional accuracy of definitive crowns. 
The angular deviation was seen in the mesiodistal direction and both 
HASP and RSP had low deviations compared with the PVS. The mean 
angular deviations were smaller than 0.3 degrees for both HASP and CSB 
at both directions. PVS had more than 0.5-degree mean deviation 
mesiodistally. Clinically, monolithic crowns fabricated by using HASP 
and CSB may have less interproximal contact issues compared with 
crowns fabricated by using PVS potentially decreasing the time for 
chairside adjustments. A decrease in chairside crown adjustment and 
delivery time using a direct digital workflow for single implant crowns 
was demonstrated in earlier studies [37]. Because the HASP consists of 
two pieces, a separate trueness analysis of each piece and when pieces 
were combined was performed. The results revealed that the scan 
trueness of both the healing abutment and the scanpeg, and their com-
bination was similar, which ensured the adequate seating of the scanpeg 
on the healing abutment during scans. Some recent studies have shown 
significant tolerances in the manufacturing of scanbodies both when 
different scanbodies of the same type were compared to each other [13, 
14], and when compared to their library file in the CAD software [38]. 
This may be particularly important with the HASP system, since it 
consists of two parts. The fit of the two parts may be affected from the 
tolerances, which could influence the scan accuracy. In addition, it was 
demonstrated that the scanbody material and design had a significant 
effect on the scan accuracy [28,39]. The CSB is a made of PEEK and its 
implant connection is in Ti, and HASP’s healing abutment is completely 
made of PEEK, and its scanpeg is made of medical grade acrylic-based 
polymer. The fact that CSB and HASP’s scanpeg are made of different 
materials might have affected the scans, however, no significant dif-
ferences between these two systems were seen in findings. In future 
studies, whether seating precision of the two pieces in the HASP system 
affect the accuracy should be investigated. When other comparable 
HASP systems are available, it would also be interesting to analyze the 
effect of scanpeg geometry and material. 
The utilized metrology software to perform the scan superimposi-
tions has been commonly used to evaluate the accuracy of intraoral 
scanners. Although the best fit-algorithm is frequently used for accuracy 
analyses, it has some limitations; the software attempts to find the ideal 
superimposition of two surface scans with the minimum difference be-
tween all surface points. This may lead to an underestimation of the 
distance of two corresponding points [40]. Therefore, the present study 
used a local instead of an overall best-fit algorithm excluding the surface 
points on the scanbodies. Subsequently, after local best-fit alignment, 
corresponding points on the scanbodies were selected for the compari-
sons to minimize the underestimation. However, results obtained with 
different metrology software, alignment techniques, or point selections 
could vary from the current results. 
The sample size in the present study enabled the detection of sta-
tistical differences for trueness and precision. The number of scans used 
are equal the number of scans in previous studies which also reported 
significant differences [5,7,9,12]. One experienced operator did the 
scans in the present study and varied results may be achieved with 
different operators [41,42]. Also, even though a commonly used scanner 
was used to perform the scans, results may vary when different intraoral 
scanners are used [12,42]. The tested HASP is limited to a specific 
implant system. When the HASP system is used, it may be difficult to 
reintegrate an existing removable interim prosthesis after screwing on 
the healing abutment and performing the intraoral scan. A possible 
strategy to overcome this problem would be to shorten the healing 
abutment to the mucosa level after the scan. The emergence profile 
could still be contoured with the form of the healing abutment without 
compromising the fit of the existing interim prosthesis. However, the 
scanpeg may not be reused as its slot in the healing abutment would be 
removed with such a clinical adjustment. The use of a laboratory scanner 
to obtain the reference dataset is a limitation of the present study. 
Although the accuracy of laboratory scanners has increased over years 
[29], future studies should be performed by using an industrial 
high-accuracy scanner to obtain an optimal reference dataset. The 
model used in the present study does not completely simulate intraoral 
Fig. 8. A and B Angular deviations within the different parts of the healing abutment-scanpeg system (HASP): (A) Deviation in buccopalatal plane (overall 
(BP), only of the healing abutment (BPHA), and only of the scanpeg (BPSP)), (B) deviation in mesiodistal plane (overall (MD), only of the healing abutment (MDHA), 
and only of the scanpeg (MDSP)). 
Table 1 
Mean (±SD) distance and angular deviations.  
Group Point 1 Point 2 Point 3 Point 4 buccopalatal mesiodistal 
CSB 0.014 (±0.015) 0.031 (±0.033) 0.043 (±0.041) 0.043 (±0.044) 0.208 (±0.237) 0.273 (±0.205) 
HASP 0.076 (±0.013) 0.05 (±0.044) 0.178 (±0.059) 0.094 (±0.081) 0.195 (±0.193) 0.186 (±0.239) 
PVS 0.197 (±0.186) 0.075 (0.09) 0.101 (0.109) 0.087 (0.136) 0.486 (±0.547) 0.913 (±0.742) 
Mean distance [mm] and angular [degree] ± standard deviations (SD) at the evaluated points and planes relative to the corresponding reference; CSB = conventional 
scanbody, HASP = healing abutment-scanpeg system, PVS = polyvinylsiloxane impression. 
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conditions; teeth, soft tissues, their optical properties and the light 
source of the environment may significantly affect the findings. There-
fore, clinical outcomes should be evaluated with in vivo studies and the 
performance of healing abutment-scanpeg system to contour the soft 
tissues should also be investigated. 
5. Conclusion 
The scan accuracy of combined healing abutment-scan peg system 
and the conventional scanbody was higher at some selected points 
compared with the conventional impression accuracy. However, the 
effect of the difference in accuracy on definitive crown’s positional ac-
curacy should be further investigated. The use of combined healing 
abutment-scanpeg system and the conventional scanbody can be rec-
ommended with the utilized intraoral scanner. 
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accuracy of intraoral scanbodies on implant position: differences in manufacturing 
tolerances, Int. J. Prosthodont. 32 (2019) 430–432, https://doi.org/10.11607/ 
ijp.6371. 
[14] H. Lerner, K. Nagy, F. Luongo, G. Luongo, O. Admakin, F.G. Mangano, Tolerances 
in the production of six different implant scanbodies: a comparative study, Int. J. 
Prosthodont. (2021), https://doi.org/10.11607/ijp.7379. Online ahead of print. 
[15] S.H. Cho, O. Schaefer, G.A. Thompson, A. Guentsch, Comparison of accuracy and 
reproducibility of casts made by digital and conventional methods, J. Prosthet. 
Dent. 113 (2015) 310–315, https://doi.org/10.1016/j.prosdent.2014.09.027. 
[16] K. Al-Abdullah, R. Zandparsa, M. Finkelman, H. Hirayama, An in vitro comparison 
of the accuracy of implant impressions with coded healing abutments and different 
implant angulations, J. Prosthet. Dent. 110 (2013) 90–100, https://doi.org/ 
10.1016/S0022-3913(13)60346-7. 
[17] Y.K. Rhee, Y.H. Huh, L.R. Cho, C.J. Park, Comparison of intraoral scanning and 
conventional impression techniques using 3-dimensional superimposition, J. Adv. 
Prosthodont. 7 (2015) 460–467, https://doi.org/10.4047/jap.2015.7.6.460. 
[18] L. Arcuri, C. Lorenzi, A. Vanni, N. Bianchi, A. Dolci, C. Arcuri, Comparison of the 
accuracy of intraoral scanning and conventional impression techniques on 
implants: a review, J. Biol. Regul. Homeost. Agents 34 (2020) 89–97. 
[19] M. Revilla-Leon, W. Att, M. Ozcan, J. Rubenstein, Comparison of conventional, 
photogrammetry, and intraoral scanning accuracy of complete-arch implant 
impression procedures evaluated with a coordinate measuring machine, 
J. Prosthet. Dent. 125 (2020) 470–478, https://doi.org/10.1016/j. 
prosdent.2020.03.005. 
[20] B. Yilmaz, S. Abou-Ayash, A digital intraoral implant scan technique using a 
combined healing abutment and scan body system, J. Prosthet. Dent. 123 (2020) 
206–209, https://doi.org/10.1016/j.prosdent.2019.01.016. 
[21] J. Abduo, C. Chen, E. Le Breton, A. Radu, J. Szeto, R. Judge, I. Darby, The effect of 
coded healing abutments on treatment duration and clinical outcome: a 
randomized controlled clinical trial comparing encode and conventional 
impression protocols, Int. J. Oral Maxillofac. Implants 32 (2017) 1172–1179, 
https://doi.org/10.11607/jomi.5386. 
[22] Y. Grossmann, M. Pasciuta, I.M. Finger, A novel technique using a coded healing 
abutment for the fabrication of a CAD/CAM titanium abutment for an implant- 
supported restoration, J. Prosthet. Dent. 9 (2006) 258–261, https://doi.org/ 
10.1016/j.prosdent.2005.12.013. 
[23] N. Nayyar, B. Yilmaz, E. McGlumphy, Using digitally coded healing abutments and 
an intraoral scanner to fabricate implant-supported, cement-retained restorations, 
J. Prosthet. Dent. 109 (2013) 210–215, https://doi.org/10.1016/S0022-3913(13) 
00073-5. 
[24] B. Batak, B. Yilmaz, K. Shah, R. Rathi, M. Schimmel, L. Lang, Effect of coded 
healing abutment height and position on the trueness of digital intraoral implant 
scans, J. Prosthet. Dent. 123 (2020) 466–472, https://doi.org/10.1016/j. 
prosdent.2019.06.012. 
[25] D.H. Mahn, T. Prestipino, CAD/CAM implant abutments using coded healing 
abutments: a detailed description of the restorative process, Compend. Contin. 
Educ. Dent. 34 (2013) 612–615. 
[26] W.C. Martin, A. Pollini, D. Morton, The influence of restorative procedures on 
esthetic outcomes in implant dentistry: a systematic review, Int. J. Oral Maxillofac. 
Implants 29 (2014) 142–154, https://doi.org/10.11607/jomi.2014suppl.g3.1. 
[27] S.J. Lee, F.Z. Jamjoom, T. Le, A. Radics, G.O. Gallucci, A clinical study comparing 
digital scanning and conventional impression making for implant-supported 
prostheses: a crossover clinical trial, J. Prosthet. Dent. (2021), https://doi.org/ 
10.1016/j.prosdent.2020.12.043. Online ahead of print. 
[28] G. Michelinakis, D. Apostolakis, P. Kamposiora, G. Papavasiliou, M. Ozcan, The 
direct digital workflow in fixed implant prosthodontics: a narrative review, BMC 
Oral Health 21 (2021) 37, https://doi.org/10.1186/s12903-021-01398-2. 
[29] R. Li, H. Chen, Y. Wang, Y. Sun, Suitability of the triple-scan method with a dental 
laboratory scanner to assess the 3D adaptation of zirconia crowns, J. Prosthet. 
Dent. 125 (2020) 651–656, https://doi.org/10.1016/j.prosdent.2020.02.010. 
B. Yilmaz et al.                                                                                                                                                                                                                                  
Journal of Dentistry xxx (xxxx) xxx
8
[30] F. Emir, S. Ayyildiz, Evaluation of the trueness and precision of eight extraoral 
laboratory scanners with a complete-arch model: a three-dimensional analysis, 
J. Prosthodont. Res. 63 (2019) 434–439, https://doi.org/10.1016/j. 
jpor.2019.03.001. 
[31] G. Cakmak, H. Yilmaz, A. Trevino, A.M. Kokat, B. Yilmaz, The effect of scanner 
type and scan body position on the accuracy of complete-arch digital implant 
scans, Clin. Implant Dent. Relat. Res. 22 (2020) 533–541, https://doi.org/ 
10.1111/cid.12919. 
[32] M.A. Schlenz, V. Schubert, A. Schmidt, B. Wostmann, S. Ruf, K. Klaus, Digital 
versus conventional impression taking focusing on interdental areas: a clinical 
trial, Int. J. Environ. Res. Public Health 17 (2020) 4725, https://doi.org/10.3390/ 
ijerph17134725. 
[33] B. Yilmaz, V. Rizzo-Marques, X. Guo, D. Gouveia, S. Abou-Ayash, The effect of 
scanned area on the accuracy and time of anterior single implant scans: an in vitro 
study, J. Dent. (2021), https://doi.org/10.1016/j.jdent.2021.103620. Online 
ahead of print. 
[34] R. Arif, B. Yilmaz, A. Mortazavi, T.B. Ozcelik, W.M. Johnston, Effect of metal 
opaquer on the final color of 3 ceramic crown types on 3 abutment configurations, 
J. Prosthet. Dent. 120 (2018) 375–381, https://doi.org/10.1016/j. 
prosdent.2017.11.030. 
[35] R. Arif, B. Yilmaz, W.M. Johnston, In vitro color stainability and relative 
translucency of CAD-CAM restorative materials used for laminate veneers and 
complete crowns, J. Prosthet. Dent. 122 (2019) 160–166, https://doi.org/ 
10.1016/j.prosdent.2018.09.011. 
[36] J.G. Wittneben, D. Wismeijer, U. Bragger, T. Joda, S. Abou-Ayash, Patient-reported 
outcome measures focusing on aesthetics of implant- and tooth-supported fixed 
dental prostheses: A systematic review and meta-analysis, Clin. Oral Implants Res. 
29 (2018) 224–240, https://doi.org/10.1111/clr.13295. 
[37] T. Joda, J. Katsoulis, U. Bragger, Clinical fitting and adjustment time for implant- 
supported crowns comparing digital and conventional workflows, Clin. Implant 
Dent. Relat. Res. 18 (2016) 946–954, https://doi.org/10.1111/cid.12377. 
[38] F. Mangano, H. Lerner, B. Margiani, I. Solop, N. Latuta, O. Admakin, Congruence 
between meshes and library files of implant scanbodies: an in vitro study 
comparing five intraoral scanners, J. Clin. Med. 9 (2020) 2174, https://doi.org/ 
10.3390/jcm9072174. 
[39] L. Arcuri, A. Pozzi, F. Lio, E. Rompen, W. Zechner, A. Nardi, Influence of implant 
scanbody material, position and operator on the accuracy of digital impression for 
complete-arch: a randomized in vitro trial, J. Prosthodont. Res. 64 (2020) 
128–136, https://doi.org/10.1016/j.jpor.2019.06.001. 
[40] S. O’Toole, C. Osnes, D. Bartlett, A. Keeling, Investigation into the accuracy and 
measurement methods of sequential 3D dental scan alignment, Dent. Mater. 35 
(2019) 495–500, https://doi.org/10.1016/j.dental.2019.01.012. 
[41] B. Gimenez, M. Ozcan, F. Martinez-Rus, G. Pradies, Accuracy of a digital 
impression system based on active wavefront sampling technology for implants 
considering operator experience, implant angulation, and depth, Clin. Implant 
Dent. Relat. Res. 17 (2015) e54–64, https://doi.org/10.1111/cid.12124. 
[42] J.H. Lim, J.M. Park, M. Kim, S.J. Heo, J.Y. Myung, Comparison of digital intraoral 
scanner reproducibility and image trueness considering repetitive experience, 
J. Prosthet. Dent. 119 (2018) 225–232, https://doi.org/10.1016/j. 
prosdent.2017.05.002. 
B. Yilmaz et al.                                                                                                                                                                                                                                  
